Myopia is the leading cause of vision loss worldwide, effecting at least 1.6 million people-and these numbers will continue to grow. It is estimated that by 2020, myopia will effect 2.5 billion people, making the global impact of visual impairment enormous. More than half of ethnic Chinese children 11-12 years old in Singapore, Hong Kong, and Taiwan are myopic, and by the time these children reach 17 to 18 years of age, the rate of myopia will be close to 90% (Fig. 1 ).
WHAT CAN CORNEAL REFRACTIVE THERAPY (CRT) OFFER?
Patients with myopia need a refractive device or procedure that offers good vision, comfort, safety, and convenience. The preferred option for myopia would ultimately be a permanent method of correcting myopia in adults and a way of stopping or slowing the progression in children. Currently, children with myopia can anticipate a lifetime of vision correction with contact lenses or spectacles. Although laser surgery can provide permanent vision correction, it is invasive, the effects are irreversible, and not even the most adventurous surgeons would tackle the eyes of a growing 7-year-old. Therapeutic drugs such as pirenzepine, rigid gaspermeable lenses, and progressive spectacles only have small (but statistically significant) effects.
The combination of reverse geometry lenses with more highly oxygen-permeable lens materials has revolutionized CRT for the reduction of myopia. For example, a prospective randomized study by Tahhan et al. 2 of four currently marketed reverse geometry lenses for overnight orthokeratology in young adults has shown that all were effective in reducing myopia, despite different fitting designs and methods ( Fig. 2 ). Lenses were fit according to the manufacturers' fitting guidelines, and biomicroscopy, unaided visual acuity, subjective refraction, best-corrected visual acuity at high and low contrast and high and low illumination, corneal topography, and subjective rating data were collected. Between 1 week and 1 month there was a significant improvement in subjective ratings of quality of day and night vision (P Ͻ 0.05), but no significant change in the objective measures. No significant ocular adverse events were observed during the trial.
CRT lenses work by inducing central corneal flattening and midperipheral steepening, with much of these changes caused by epithelial thinning and thickening, respectively, but it is likely that the pressure variation on the eye from CRT lenses has effects on the whole anterior segment. After overnight wear, up to 5% thinning of the central cornea occurs. 3 The future of CRT, however, will not be based on how effective the procedure is but what the risk will be for the wearer. Case contamination and overnight wear of contact lenses are known risk factors for contact lens-induced microbial keratitis. A central issue is whether overnight epithelial pressure compromises further patient safety. To date, there have been a number of well-publicized cases of microbial keratitis in children undergoing CRT. Young et al. 4 reported six cases in children aged between 9 and 14 years of age, where all resulted in loss of best corrected visual acuity. Five of the six cases were culture positive for Pseudomonas aeruginosa. However, this report did not describe whether the lenses worn by the subjects were designed for CRT, nor was it clear whether the lenses worn were made from highly oxygen transmissible materials or whether they had been properly fitted. Hutchinson et al. 5 has reported two cases of microbial keratitis leading to permanent loss of best corrected visual acuity in Australia. P. aeruginosa was isolated from one case and Acanthamoeba from the other. Although these cases are of serious concern, it is not clear what the incidence of infection with CRT is using highly oxygen-permeable materials. John Mountford from Australia has fit 1,300 patients with overnight reverse geometry lenses since 1993 and has seen two cases of microbial keratitis. Infiltration in both cases occurred the midperiphery and were associated with noncompliance (John Mountford, personal communication, 2004).
Fundamental studies, such as that of Ladage et al. 6 concerning overnight orthokeratology and the potential for an increase in the binding of P. aeruginosa to rabbit epithelial cells using highly oxygen-permeable rigid materials, are critically important to our ability to assess risk.
What Are the Risk Factors for Microbial Keratitis with CRT?
Contact lens-associated microbial keratitis is caused by a combination of factors, including bacterial contamination of lenses and lens storage cases, the bacteria-hospitable closed eye environment, and hypoxia-associated reduced resistance of the cornea. An additional key factor with CRT is the pressure-induced epithelial changes. Hygienic daytime storage of lenses is absolutely essential if risk is to be minimized, and practitioners should be emphatic that patients use a good care system and effective hygiene practices.
Can CRT Arrest the Progression of Myopia?
CRT is effective for temporarily improving unaided visual acuity and reducing myopia in young adults-but is there potential for this procedure to offer something more?
The prevalence of myopia rapidly increases in children after about 8 years of age. Therefore, to be effective in preventing the progression of myopia in children, an intervention needs to be applied at an early age. Myopia can be induced in young animal models by hyperopic defocus of the animal's visual image, causing compensatory increases in axial length. Theoretically therefore, any corrective device that delivers clear and sharp images on the retina at all times should stop the eye from elongating. Most spectacle or contact lens interventions are ineffective because their optics are not optimized for sharp images at all distances and/or because noncompliance with, for example, the wear of progressive addition spectacles prevents children from receiving clear ongoing images. Two large, randomized, clinical trialsthe COMET study 7 (using progressive addition spectacles) and a study with rigid gas-permeable lenses 8 -show small effects on the progression of myopia in children. In addition, the small effect of gas-permeable lenses on slowing myopia could not be differentiated from the effects of corneal flattening seen with orthokeratology.
More recently, the Children's Overnight Orthokeratology Investigation (COOKI) pilot study 9 aimed to assess the effect of orthokeratology on the progression of myopia and to investigate the safety and efficacy of this procedure. Walline et al. 9 followed twenty-nine 8-to 11-year-old children for 6 months and found that overnight corneal reshaping is a safe and efficacious means of temporarily reducing myopia in children. Cho et al. 10 have also reported interesting findings on corneal refractive therapy subjects followed for 12 months compared with spectacle-wearing controls. Their study indicated that corneal refractive therapy may actually slow axial growth, providing a useful method for slowing myopia. The mean increase in axial length was significantly less in the orthokeratology group (0.14 Ϯ 0.19 mm) compared with the control group (0.35 Ϯ 0.17 mm), indicating that the effects seen are not solely caused by corneal flattening. However, more studies are needed before these preliminary results can be confirmed.
CONCLUSIONS
The future of corneal refractive therapy depends on best practice systems that include optimal lens designs, excellent wearer management, and appropriate use of lens care products. Contact lenses have the potential to offer safe, comfortable, and effective vision correction with long-term wearability. 
